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REMARKS 

These remarks are in response to the Office Action mailed June 8, 2005, 
which reset the time for response and also incorporated the rejections and remarks 
of the Office Action of May 10, 2005. Claims 1-8 have been canceled without 
prejudice to Applicants' right to prosecute the canceled subject matter in any 
divisional, continuation, continuation-in-part, or other application. The remaining 
claims have been amended to correct grammatical errors and to correct dependency 
from canceled claims. No new matter is believed to have been introduced. 

I, REJECTION UNDER 35 U.S-C. S112, FIRST PARAGRAPH 

Claims 1-15 stand rejected under 35 U.S.C. §112, first paragraph because the 
specification, while being enabling for predicting the inhibitory action of alcohols on 
cytochrome P-450 aniline p-hydroxylation and perhaps some other properties of 
alcohols or simple organic molecules, such as vapor pressure, allegedly does not 
reasonably provide enablement for predicting or determining the specific activity, 
chemical or physical property, or function of compounds other than alcohols. 
Applicants respectfully traverse this rejection. 

Applicants maintain that the claims are enabled. Applicants have 
demonstrated the utility and ability of the invention to identify a large number of 
species falling within the scope of claim 16. It appears the Examiner is attempting to 
limit Applicants to the specific example demonstrated in the specification in view of a 
broader disclosure as well as further evidence demonstrating enablement with 
additional species falling within the scope of claim 16. 
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In addressing Applicants 1 prior remarks, the Examiner mistakenly makes 
assumptions that are not accurate. For example, at page 3, lines 4-7 of the Office 
Action, the Examiner states, "Applicants believe that what is true of the parts will be 
true of any combination of the parts and that because two objects have some 
similarities in unimportant ways they will be similar in important ways." The 
Examiner assumes that the similarities being measured are "unimportant." However, 
as the Examiner will recognize, molecular charge and side groups play important 
and critical roles in a molecule's conformation, structure, activity, and the like and 
thus are not "unimportant" characteristics that are being measured. The Examiner's 
misunderstanding of the invention may be due in-part to Applicants 1 statement, 
"Lipids and fatty acids (e.g., hormones) not only have some resemblance to alcohols, 
but they are also long chain hydrocarbons." (See, e.g., Page 8 of March 1, 2005, 
Preliminary Amendment and May 10, 2005 Office Action at page 4). Applicants are 
not stating that alcohols, fatty acids and long chain hydrocarbons are synonymous, 
but rather that lipids and fatty acids have side groups and structures associated with 
hydrocarbons and alcohols. Applicants are not trying to blur the distinction between 
molecules, rather the remarks are intended to demonstrate that the sensors detect 
characteristics associated with such molecules. For example, monoacylglycerols are 
components of simple lipids comprising a hydrocarbon chain and 2 alcohol groups. 
The sensors of the sensor array interact with the analyte based upon the chemical 
structure of the analyte (e.g., its side-groups, charge and the like). For example, a 
sensor array comprising 5 sensors may include a first sensor capable of detecting an 
alcohol, a second sensor capable of detecting a hydrocarbon, a third sensor capable 
of detecting a halide, a fourth sensor capable of detecting an aromatic and a fifth 
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sensor capable of detecting an ester. When such a sensor array is contacted with 
an analyte (e.g., a monoacylglycerol comprising an alcohol group and a long chain 
hydrocarbon) the sensor array would provide a signal profile demonstrating a change 
in sensors 1 and 2 and not in 3-5. This signal profile would then be compared to a 
library and a closest match would be provided indicating that the tested analyte has 
a structure similar to a lipid and identifying a structure, function and/or activity 
associate with, for example, a monoacylglycerol, lipid etc. If the analyte comprises a 
hydrocarbon, alcohol and ester, the sensor profile would indicate sensors 1, 2 and 5 
react or change in response to the analyte while sensors 3 and 4 do not. Even the 
absence of a change is important in a signal profile. Such an analyte would be 
characterized as having a function, property and/or activity associated with a fatty 
acid. 

The Office Action mailed May 10, 2005, indicates at page 3, line 14-20: 

Applicants seem to believe that if two molecules have some of the same side 
groups that they will have similar activities, chemical or physical properties or 
functions. This is oversimplified as the similarity of activities, chemical or 
physical properties or functions will depend on how many side chains are the 
same, whether the corresponding locations of the side chains are the same, and 
whether any side chain predominates over the others and the relevance of these 
side chains to the activity, chemical or physical property, or function being 
predicted. 

Applicants respectfully submit that the sensor array of the invention senses a 
plurality of characteristics including side-groups, chirality, pH etc. (see, e.g., 
paragraph [0021], page 8, last sentence, which recites, "Such chemical 
characteristics are related to various chemical-physical parameters of the alcohol 
including its three-dimensional structure, side groups, charge, and other parameters 
known to those of skill in the art."). It is the combination of signals from both sensors 
that change in response to the analyte's characteristics, as well as those sensors 
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that do not change, that provide a fingerprint (signal profile) for the analyte. This 
fingerprint is then compared to a library of known analytes having known activities, 
chemical or physical properties or functions and identifies one or more closest 
matched known analytes and outputs to the user the activity, chemical or physical 
property or function of the closest matched known analyte thereby predicting the 
analyte's activity, chemical or physical property or function. 

The Examiner is further directed to U.S. Patent No. 5,424,959 (see Appendix 
A), which utilizes fluorescent spectral fingerprints to estimate the content of a fluid. 
Thus, the ability to predict/estimate the properties of an unknown sample based 
upon fingerprints has been demonstrated in different systems. Applicants have 
demonstrated that the methods and systems of the invention work for a wide number 
of species that fall within the genus of organic molecules (e.g., far beyond the limited 
examples demonstrated in the system of U.S. Patent No. 5,424,959). The Examiner 
appears to recognize that Applicants have demonstrated the enablement and 
applicability of the methods and systems of the invention to a genus of analytes 
comprising alcohols, halogenated hydrocarbons, unsubstituted hydrocarbons, 
aromatics and esters. 

Applicants also respectfully submit that the Examiner is questioning the scope 
of the invention, not upon the claimed invention as a whole, but based upon 
elements in seclusion. For example, the Examiner repeatedly questions the ability of 
the "sensors" to predict an activity, function etc. Applicants submit that the sensors 
in isolation cannot predict an activity, function etc., rather the sensors interact with an 
analyte that causes a change in the sensor material that is then transduced, to a 
measurable medium (signal), and measured using a measuring device, whereby the 
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plurality of signals from the plurality of sensors comprises a fingerprint of the analyte 
which is then matched/correlated to previously stored signals of known analytes 
having a defined activity, function etc. The activity, function, structure etc. of a 
known analyte with the closest match to the fingerprint of the unknown analyte is 
then identified. This process has been shown to work with over 70 species of 
analytes. 

The Office Action mailed May 10, 2005, indicates at page 9: 

The specific activities, chemical or physical properties, or functions of analytes such 
as antibodies, enzymes, proteins and nucleic acids are rarely predictable. If other 
wise, there would be no need for the many hundreds of journal articles on these 
substances written in dozens of biochemical and chemical journals each year. Old 
Yellow Enzyme, an arbitrary choice is illustrative. Although it had been discovered 
and purified almost 60 years before the time of the invention of the claimed invention 
and much research had been done on this substance it was only in the few years 
prior to the invention of the claimed invention that the enzymatic properties and 
structure-function relations were better understood. 

Applicants submit that the paragraph cited above does not take into account the 
advances provided by Applicants' invention. For example, antibodies, enzymes, 
proteins and nucleic acids are rarely predictable in a void of information. However, 
the invention utilizes a library of information from known analytes much like current 
bioinformatics techniques utilize sequence-structure information to predict the activity 
of an unknown protein. For example, there are numerous publicly available 
algorithms that predict a protein's function based solely on sequence-structure 
information. Applicants 1 invention, by analogy, utilizes the interactions of structural 
side-groups, charge etc. to predict a function. However, according to the paragraph 
quoted above, these algorithms, which are currently patented and on the market, 
lack enablement because such functions are "rarely predictable". Should the 
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Examiner wish, Applicants can provide numerous examples of protein-function- 
prediction based solely on the full or partial structure of an unknown protein. 

Thus, Applicants submit that the claimed are enable because (1) Applicants 
have demonstrated numerous species that work in the system of the invention, and 
(2) bioinformatics systems by analogy perform similar predications on proteins. 
Accordingly, for at least the foregoing reasons, Applicants respectfully request 
withdrawal of the §112, first paragraph rejection. 

The Examiner further rejects the claims under 35 U.S.C. §112, first 
paragraph, because the sensor array comprises an array of electrical resistance and, 
as such, other sensor systems allegedly would not work in the methods and systems 
of the invention. Applicants respectfully disagree and traverse this rejection. 

One of skill in the art will recognize that sensors can differ in composition 
and/or the method of transduction. For example, where the transduction modality is 
different the sensor types can utilize the same polymer compositions and mixtures to 
arrive at the invention. For example, one of skill in the art will recognize that optical 
or mechanical sensors can be made by coating the transducer elements with various 
polymers. If one were to use the same collection of polymers demonstrated to work 
in Sisk and Lewis, but transduce the signal using optical or mechanical transducers 
instead of electrical transduction, a signal profile would be obtained upon contact 
with an analyte. After all, the composition, and thus the interaction of the analyte 
with the sensor material, does not change, but rather the way the signal is measured 
is changed. The transducers differ in what physical type of signal they deliver not 
how the analyte interacts with the sensor material. The Examiner is referred to 
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Appendix B (Severin et al., Anal. Chem. 72:2008-2015, 2000), which demonstrates 
the use of similar materials with two different transduction systems (electrical and 
acoustic)). The Examiner will note that both were capable of sensing the analytes 
being tested and that such materials change resistance due to a change in polymer 
thickness. Such change in thickness is also measurable by mechanical oscillation 
measurements. 

The Office Action confuses the issue by blurring the distinction between 
transduction modalities and sensor compositions (both are different). For example, it 
is irrelevant that one transduction modality may be easier to measure than another, 
as a signal is still generated and transduced because the sensors are transducing 
the same fundamental pattern from the same collection of materials but using 
different means of detecting the change in the sensor composition. It is the 
material(s) of the sensors that determine their ability to interact with an analyte. The 
transduction/measuring of that interaction can be done any number of ways. 
Electrically sensing a change is but one of many possible ways to detect an 
interaction of the analyte with the sensor material. In other words, the polymers 
themselves would be interacting with the analyte in a similar fashion, but the 
transducer would merely be optical or mechanical compared to electrical. 

The Office Action mailed May 10, 2005, suggests that the '636 patent, cited in 
the last response, teaches that "particular analytes are more responsive to particular 
polymer types. . ." (see, e.g., Office Action at page 5; and Col. 11, lines 11-15 of '636 
patent). This rejection appears to be addressing the composition of the sensors and 
not the transduction modality. It is important to keep in mind that the sensor array of 
the invention comprises a plurality of differentially responsive sensors that may or 
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may not be preselected based upon the analyte "family" to be analyzed. Applicants 1 
invention uses fingerprint information from a plurality of sensors and sensor-types to 
identify the analyte being detected, based on, for example, a best-fit algorithm. The 
fingerprint may be a fingerprint of resistive-sensors, a fingerprint from optical 
sensors, magnetic sensors, acoustic sensors, and the like, or any combination 
thereof. The sensors provide a fingerprint of the analyte that is being contacted with 
the sensor array. This fingerprint is then compared to a database that does "not 
includ[e] the analyte of interest" (see, e.g., claim 16) being detected. A nearest 
match is made to fingerprints from known analytes having characteristics associated 
with fingerprints of the known analytes including, for example, the type of analyte, 
the activity of the analyte, where the analyte is located in the environment and the 
like. 

Thus, the Examiner will recognize that any number of sensor types and 
sensor signal modalities can be used in the claimed invention. The sensors and 
sensor modality need only be capable of interacting with the analyte and provide a 
signal that can be measured by some means. By requiring Applicants to narrow 
their claims to the specific sensor modalities used in the specific examples in the 
disclosure would unduly narrow Applicants' invention. One of skill in the art can 
easily identify numerous sensors and sensor modalities that would work in the 
system of the claimed invention. 

For at least the foregoing reasons, Applicants respectfully request withdrawal 
of this rejection under 35 U.S.C. §112, first paragraph. 
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[L REJECTION UNDER 35 U.S.C. §112, SECOND PARAGRAPH 

Claim 16 stands rejected under 35 U.S.C. §112, second paragraph as 
allegedly being indefinite. Applicants respectfully traverse this rejection. 

Claim 16 is allegedly indefinite because the claim recites, ". . .analyte is a 
chemical comprising. . .". The Office Action questions what is meant by the 
"chemical comprising. . ." Applicants have amended the claim in the hopes of 
clarifying for the Examiner that the "analyte comprises an alkane, alkene, alkyne, 
diene, alicyclic hydrocarbon, arene, alcohol, ethers, ketones, aldehydes, cyclic 
hydrocarbons, carbonyls, carbanions, polynuclear aromatics and/or halide 
derivative." 

Claim 16 is further rejected as allegedly indefinite for recitation of "specific 
activity or function". Applicants submit that the specific activity or function refers to 
the specific activity or function identified as being associated with a known analyte 
having correlation with a signal profile of an analyte comprising, for example, an 
alkane, alkene, alkyne, diene, alicyclic hydrocarbon, arene, alcohol, ethers, ketones, 
aldehydes, cyclic hydrocarbons, carbonyls, carbanions, polynuclear aromatics and/or 
halide derivative. 

Applicants believe that the foregoing amendments and remarks overcome the 
rejection. Accordingly, Applicants respectfully request withdrawal of the rejection 
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Please charge any required fee for consideration of this response or credit 
any overpayment to Deposit Account No. 02-4800, referencing the Attorney Docket 
No. above. 



Date: August 8. 2005 



Buchanan Ingersoll, LLP 
Suite 300 

12230 El Camino Real 
San Diego, CA 92130 
(858) 509-7300 
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The relationships among frequency changes on a film- 
coated quartz crystal microbalance, thickness changes, 
and dc resistance changes have been investigated for 
carbon black- insulating polymer composite vapor detec- 
tors. Quartz crystal microbalance (QCM) measurements 
and ellipsometry measurements have been performed 
simultaneously on polymer films that do not contain 
carbon black filler to relate the QCM frequency change 
and the ellipsometricaUy determined thickness change to 
the analyte concentration in the vapor phase. In addition, 
quartz crystal microbalance measurements and dc resis- 
tance measurements on carbon black composites of these 
same polymers have been performed simultaneously to 
relate the QCM frequency change and dc electrical resis- 
tance response to the analyte concentration in the vapor 
phase. The data indicate that the dc resistance change is 
directly relatable to the thickness change of the polymers 
and that a variety of analytes that produce a given 
thickness change produce a constant resistance change 
for each member of the test set of polymers investigated 
in this work. 

Carbon black- insulating organic polymer composite films have 
been employed previously as components of an array of vapor 
detectors for use in an "electronic nose". 1 In this approach, the 
response of an array of broadly cross-responsive vapor detectors 
is analyzed using standard chemometric methods to vield diag- 
nostic patterns that allow classification and quantification of 
analytes in the vapor phase. Arrays of such detectors have been 
shown to be highly discriminating, even between veiy structurally 
similar analytes, and have also been shown for many test vapors 
to exhibit a linear steady-state dc resistance response to analyte 
concentration. Thus, under these conditions, the pattern type 
allows identification of the vapor and the steady-state pattern 
height allows quantification of the analyte of concern. 1 - 3 

The resistance response of such composites can, in general 
be understood by percolation theory, which relates the resistance 
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response of a composite consisting of an insulating polymer filled 
with regions of an electrical conductor to the change in volume 
fraction of the conducting (filler) phase of the composite. 5 " 7 The 
goal of the present work was to elucidate the factors that control 
the resistance change of such films in response to a change in 
the concentration of a vapor that is exposed to the detector. In 
polymer-coated quartz crystal microbalances, the frequency 
change of the detector is primarily determined by the change in 
the mass of analyte sorbed into the polymer film for relatively 
small frequency shifts and/or small changes in the viscoelastic 
properties of the film> b Polymer-coated surface acoustic wave 
devices, utilise changes in sorbed mass and modulus of the 
polymer film to produce the detected signal* The hypothesis that 
was challenged in this work is that the volume change, and thus 
the fractional swelling, of the polymer film upon exposure to a 
test vapor is the key variable that determines the change in dc 
electrical resistance of the carbon black-polymer composite 
detectors. 

To test this hypothesis, we performed measurements to 
determine the resonant frequency changes on a film-coated quartz 
crystal microbalance (QCM), the thickness changes, and the 
resistance changes of various composite and noncomposite 
polymer films exposed to a variety of test organic vapors. The 
resonant frequency changes and the dc electrical resistance 
changes of a set of carbon black-organic polymer composite films 
were determined on a QCM. QCM measurements and thickness 
measurements using fixed- wavelength ellipsometry methods were 
then performed on clear (non-carbon-black-filled) films formed 
from the same polymers. Relationships between the two sets of 
measurements were facilitated because at a given analyte con- 
centration in the vapor phase, the measured QCM resonant 
frequency changes were veiy similar for polymers that did, and 
did not, contain die carbon black filler material 
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EXPERIMENTAL SECTION 

QCM crystals (10 MHz, blank' diameter = 13.7 mm) with a 
custom electrode pattern were obtained from In tern atioi a Crista 

laZSr T (ICM) ' 0klah ° ma ^ ° K ™ e 

I o oth t > u 5 r e C ° n%Ured * 9 °° ai * les 10 room for 

two other tabs that -would serve as electrodes for resistance 

S~° f H Carb ° n b,aCk - P ° Iymer ~ S 
ess Tan , VI P ° B8hed t0 ' SUlface "mshnesa of 

ctrodL t 1 Pr0dUCed 3 mirr ° rlike finish on ^ Sold 
5 Tn the ™m ' lte refIeCli ° n ° f e,1, ' PSOmete '-' s beam 
micll ^ We, ' e US£d WUh trans P a '^nt films during the 
I oTh % meaSUremente ' OIleosd1 ^^ electrode was Jarger than 
*e other Qarger electrode diameter = 7.8 mm, smaller efectrod 



d.ameter = 5.1 mm). The resistance tabs were not used during 
h dnckness vs QCM frequency measurements on films that wer 
not El led w,th carbon black. Similarly, the ellipsometer was not 
used dunng the resistance vs QCM frequency measurements in 
which opucally opaque, carbon-black-filled, composite films were 

The vapor steam was produced by passing general laboratory 
compressed air through analyte solvents contained in custom 
bubblers. The solvents were of HPLC quality (Aldrich Chemical 
i and were used ;is received. Saturation of the vapor with 
solvent was confirmed by mass loss experiments." The solvent- 
saturated air was then diluted to the desired concentration with 
house air. The air flows through the bubbler and in the back- 
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oscillation 
electrodes 




smaller back electrode 
dia = 5.1 mm 



larger front electrode 
dia = 7.8 mm 



resistance tabs 

Figure 1. Custom 10 MHz quartz crystal microbalance with 
oscillation electrodes and tabs for reading the resistance of the 
composite film. Shaded areas indicate regions coated with Au. The 
larger electrode was used to facilitate ellipsometry measurements. 



ground gas were regulated by needle valves, and the flows in both 
streams were monitored with Gilmont rotamers (VWR Scientific). 
The concentration of analyte in the vapor stream was indepen- 
dently verified using , a calibrated flame ionization detector 
(California Analytical, Santa Ana, CA). 

Two polymers were used in this work, poly(caprolactone) 
(PCL) and polyethylene oxide) (PEO). Films of these polymers 
that contained carbon black were used for the resistance measure- 
ments, while transparent, pure polymer films were used for the 
thickness measurements. All films were cast from standard 
solutions that consisted of 160 mg of polymer dissolved in 20 mL 
of benzene to which 40 mg of carbon black was added to make 
composite films (resulting in solutions that were 20 wt % carbon 
black). All solutions were sonicated for at least 5 min immediately 
prior to casting the films. The polymer films were spun-cast on a 
spin coater (Headway Research, Garland, TX) at 2000 rpm, and 
the average film thickness was obtained by profilometry (Dektak 
3030, Sloan Technology Corp., Santa Barbara, CA). 

The QCM crystals were weighed before and after film applica- 
tion using a Cahn microbalance (resolution 0.001 mg; Cahn C-35, 
Orion Research, Beverly, MA) to obtain the masses of the films 
that were deposited over the active electrode (5.1 mm diameter 
area) of the QCM. The PCL clear film mass was 40 fig cm" 2 and 
375 nm thick, while the PCL-carbon black composite film mass 
was 185 ,ug crrr 2 with a baseline resistance of %12 kQ. The PEO 
clear film had a mass of 120 fig cmr- and a thickness of 1090 nm, 
while the PEO -carbon black composite film was 19 fig cm -2 with 
a baseline resistance of ^16 kQ. Using the clear polymer film 
areas and the mass and thickness values above, densities for the 
clear films of PEO and PCL were calculated and agreed with 
literature values for these polymers. 

Resistances were measured using a 2002 digital multimeter 
(Keithley, Cleveland, OH), and the resonant frequency of the 
QCM was obtained using a 5384A frequency counter (Hewlett- 
Packard, Palo Alto, CA). Ellipsometry measurements were taken 
on an L116C ellipsometer (Gaertner Scientific, Chicago, IL). 
Optical constants were obtained for each surface before the films 
were applied. The index of refraction of each polymer Clin was 
taken from the literature. The absorption coefficient for the film 
was obtained using the two-angle technique, 10 - 11 which also 
provided an independent measurement of the index of refraction 



(9) Atkins, P. W. Physical Chemistty; W. H. Freeman and Co.: New York, 1994. 

(10) Comfort, J. C; Urban. F. K.; Barton, D. 71:in Solid Films 1996, 291, 51. 

(11) Urban, F. K. Apfil. Surf. Set. 1988, 33, 934. 
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Figure 2. (a) Rotative differential thickness increase for a pure PCL 
film vs fraction of analyte vapor pressure exposed to the film, (b) 
Differential relative resistance increase in a PCL-carbon black 
composite vs frac tion of analyte vapor pressure exposed to the film. 



and thickness of the film. The film thicknesses obtained by 
ellipsometry agreed to within ]Q% with the values obtained by 
profilometry. 

To initiate an experiment, a baseline value was recorded for 
the QCM resonant frequency, resistance, and/or thickness of the 
film. The film was then exposed to analyte vapor until steady- 
stale values were reached as determined by constant output 
readings from the instruments. The data were recorded manually 
for convenience. Thickness measurements were taken three to 
five times after steady state had been reached for a given vapor, 
and the average result was recorded for both the baseline and 
the steady-state, solvent-exposed values. 

RESULTS 

Figure 2a shows the relative thickness change, A/i max //i bl where 
A/Wx is the thickness change of the film during exposure to the 
analyte vapor and h h is the baseline thickness of the film in air 
prior to analyte exposure, of poly (caprolactone) films as a function 
of the fraction of the analyle's vapor pressure, P/P°. The series 
of test vapors used in these experiments is representative of a 
broad test set of analytes that have been used previously to 
investigate the discrimination ability of arrays of conducting 
polymer composite vapor detectors. 3-3 The data of Figure 2a are 
well-fit to a linear dependence of A/r max //*b on P/P° (Table 1). 
Figure 3a shows similar data for polyethylene oxide) films. 

Figures 2b and ?>b depict the steady-state relative differential 
resistance responses, AR m JR h , where A7? mnx is the resistance 
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Figure 4. Mass-normalized maximum resonant freouencv ch.nop 
vs ractton of analyte vapor pressure exposed XoX^^l 
PCL film wtthout carbon black and (b) a PCL-carbon ^corn 



Discussaow 

Figure 7a depicts a plot of the relative differential dc resistance 
change of the polyfcaprolactone) film, from electrical measure 

dete 1 \ T n °! fraC ' j0nai SWema * 0f lhe Polymer, as 
dete.rn.ned by optical ellipsometry measurements. The same 
analysis for a second polyfcaprolactone) film is shown in Figure 
7b to llustrate fi, e «e in the data . For bot „ * 
the slopes and mtercepts of the AR nm /R b vs W ° data for the 
composite films were used to predict what values of AR /I 
would be expected for the PfP • values used in tejj^* 
for me noim ed polymer films. Likewise, the slopes and inter" P J 

z p/p^ : r aIue , s of * w * b wou,d be c «< *»■ 

film, ^ , T l thC mea ^rements for the composite 
Va,UCS ° f f ^ -re then plotted v's the 
predicted Ah mxi /h h values at the corresponding P/P° values of 
the analytes. As displayed in Figure 7, the dal are line a nd 

in this wo.k For eacn film, some solvents do not lie on the 

in 7e 0 d el"v e e fn " P ' eSUmed * dU£ t0 «™ 
m the delivery of the vapor." A robust interpretation of the 

redely small deviations of the behaviors of the various nalvte 

on a given polymer film vs the common line would require 

L S^r,° f meth0dS , tllat C ° Uld determin£ lhe -^"ee 
and ^ thickness changes amultaneously on one detector, and such 

methods were not available in this study. The data of Figure 7 
clearly md.cate that, regardless of the analyte used, a given 
Analytical Chemhiry, Vol. 72, No. 9, May 1, 2000 2011 
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Figure 5. Mass-normalized maximum resonant frequency change 
vs fraction of analyte vapor pressure exposed to the film for (a) a 
PEO film without carbon black and (b) a PEO-carbon black 
composite. 



fractional thickness change of the polymer produces a given 
stead} r -state relative differential resistance response of the corre- 
sponding carbon-filled composite, at least for the polymer- analyte 
combinations explored in this work. Thus, the hypothesis of 
concern— that volumetric film swelling is the key variable deter- 
mining Ai? m:ix /i?b in the composite carbon black-insulating 
polymer detectors— seems to be confirmed from the data obtained 
in this work, at least for the analytes and polymers investigated 
to date. Also, these data indicate that the relationship between 
relative thickness change and steady-state relative differential 
resistance change is linear, at least over the range of analyte 
concentrations investigated in this work. 

One complicating factor is that the thickness measurements 
obtained in this work were performed on pure polymeric materials, 
while the AR msx /R h measurements were performed on carbon- 
black-filled polymer composites. The assumption made above in 
interpreting the data of Figure 7 is that the volumetric swellings 
of the polymers are similar whether or not the material is filled 
with carbon black. Given the linear relationship deduced between 

(12) The relationship between the resistance change and ihe volume swellling 
depends on the carbon-black loading and other parameters involved in 
making the films. Under controlled conditions where several films are made 
in a single batch process from a single carbon black— polymer suspension, 
the variability in response between films to a given analyte concentration is 
typically less than 10%. The higher variability between the two films of Figure 
7 results from the fact that they were made on two separate occasions with 
no attempt to control fully the deposition process or the suspension 
properties for consistency between batches. 
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Figure 6. Mass-normalized maximum resonant frequency change 
vs fraction of analyte vapor pressure exposed to the film for (a) PCL- 
carbon black composites and PCL films without carbon black and 
(b) PEO-carbon black composites and PEO films without carbon 
black. 



A/JmaxAb ancl A/?, nax //?b and the low likelihood that, over a range 
of analytes and concentrations, two separate functional depend- 
encies of swelling oil analyte concentration would precisely 
counteract each other to yield the data of Figure 7. this assumption 
seems quite reasonable. Given the linear dependence of AR mv J 
R\ } on P/P° that has been observed for other test analytes, 13 it 
seems reasonable to assume that the relationship between relative 
volumetric swelling and relative differential resistance measure- 
ments is extendible, at least, to first order, for those composite - 
analyte combinations as well. 

An independent check on the validity of the relationship 
between swelling in the earbon-black-filled composites and the 
pure polymer films is available from the QCM resonant frequency 
measurements. The relationship between Atf max Af? b vs A/* max and 
Mmax/Zib vs A/ * nm is linear as seen in Figure 8 for PCL and in 
Figure 9 for PEO (see also Table 1). The slopes and intercepts of 
the A# ma x/Z?b vs A/* m ax data for. the composite films were used 
to predict what: values of &R mnx /Rb would be expected for the 
A/*,„ax values measured for the nonfilled polymer films at the 
various analyte concentrations used in the measurements. Like: 
wise, the slopes and intercepts of the A/; m: ix//?b vs A/* max data for ; . 
the nonfilled polymer films were used to predict what values of 

(13) Scverin. E. J.; Dclcmaii, B. .!.: U-wis. N. 5. Anal. Chcm. 2000. 72, 658- 
6GB. ..i 
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!|| Figure 7. Relative differential resistance increase for a PCL-carbon 
black' composite film vs relative differential thickness increase for a 
?, Cl ^ ciear fijm wnen botn ™ m s were exposed to various analytes at 
various fractional vapor pressures, correlated by the analyte fractional 
yappr pressure for two separate (a, b) PCL films. 

p^Ahtnn/hb would be expected for the A/* max values measured for 
' the composite films at die various analyte concentrations used in 
the measurements. The predicted values of AR max /R h were then 
^ plotted vs the predicted Ah max /k b values at the corresponding 
•>. P/P° values of the analytes. As displayed in Figure 10, the data 
f£ lot each solvent are linear and roughly fall on the same line for 
f all. of the test vapors investigated in this work. This strongly 

- implies the presence of a correlation between volume change and 
?P resistance change in these composite films. This is a stronger 
Indicator than the correlation using P/P ° because the A/* max value 
H fpr each presentation for each film was taken simultaneously with 
■% the : AR max /R h and AA max //; b measurements. The correlation 
^ calculated from P/P 0 presented above was less precise because 
p of variance in the flow system, whereas any changes in the 
^ concentration of the exposed analyte would be reflected in the 
II. AT max value as well. 

r \ -. Jn our work, the frequency shift of the polymer-coated QCM 
; - crystals arising from sorption of the analyte vapor was <2% of 
■0 the resonant frequency of the polymer-coated crystal. Under such 
v^conditions, prior work has concluded that mechanical losses are 
| .npmal and that the frequency shifts are predominantly due to 
j. , changes in mass uptake. 83 Although under such conditions the 
, , frequency shifts observed in the QCM data can be related, through 
: ;_; the proportionality between Af nm and Aw niax implied by the 
|^auerbrey equation, 8 ^ to the fractional mass uptake of these films, 
the validity of this relationship is not necessary to support any of 
;> ^ key conclusions of our study. Regardless of the physical 
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Figure 8. (a) Relative differential thickness increase vs mass- 
normalized maximum resonant frequency change for a PCL fiim 
exposed to various analyte pressures, (b)' Relative differentia! 
resistance increase vs mass-normalized maximum resonant fre- 
quency change for a PCL film exposed to various analyte pressures. 

phenomena that produce a shift in the resonant frequency of the 
polymer-coated QCM crystals upon vapor sorption, it is clear that 
the key variable correlating with the AR msx /R h responses of 
various analytes for a given type of polymer is not A/ max , A/* maX! 
or Am nVtGi M h (with Am mw deduced from A/ max through the 
Sauerbrey equation) but instead that the experimentally observed 
correlation is with AA„,«/A b . 

Further support for the swelling-induced resistance change 
hypothesis can be obtained by investigating the relationship 
between &R nm /R h and A/z max //i b as a function of analyte density. 
As seen m Figures 11 and 12, the slopes of the A/* max // ?b vs A/* max 
lines and the AR max /R h vs A/* mas lines depend linearly on the 
density (as measured in the pure liquid phase) of the sorbing 
species. These data are in agreement with recently reported 
results thai, were obtained in parallel with our study, in which the 
relative differential resistance response of carbon-black-filled 
polyethylene oxide) composites was shown to correlate with the 
density of the gaseous analyte (as measured in its pure liquid 
phase). 11 

These data support, the hypothesis that the resistance response 
is primarily induced by a change in the volume of the film as 
reflected in the thickness change. A straight line of any slope for 
[A/* max /(Aft nax /7? b )] vs density that goes through the origin 

04) Swarm, Wt .).: Glitlle, A.; Cui, L.; Barker. J. R; Cooper. J. M. Cham. Commun 
1998. 2753-2754. 
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Figure 9. (a) Relative differential thickness increase vs mass- 
normalized maximum resonant frequency change for a PEO film 
exposed to various analyte fractional vapor pressures, (b) Differentia! 
relative resistance increase vs mass-normalized maximum resonant 
frequency change for a PEO film exposed to various analyte fractional 
vapor pressures. 
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Figure 1 0. Relative differential resistance increase for a polymer- 
carbon black composite film vs relative differential thickness increase 
for a polymer clear film when both films were exposed to various 
analytes at various pressures, correlated by the mass-normalized 
maximum QCW resonant frequency change in each film recorded 
during those analyte exposures for (a) PCL and (b) PEO films. 



would imply a precise correlation between the density and the 
detector response. The [A/* max /(A/? raax //? b )] ratio for hexafiuo- 
robenzene is larger in all cases, most likely because the molecules 
do not chemisorb into the polymer matrix in proportion to the 
amount that physisorbs because molecular interactions between 
the perfluoroinated analyte and the polymer chains are not likely 
to be sufficiently favorable energetically to disrupt the polymer 
interchain interactions. This would cause an increase in QCM 
resonant frequency response for hexafiuorobenzene (due to 
adsorption) without a concomitant increase in resistance or 
thickness response (which requires absorption), leading to larger 
[A/* mM£ /(A/? maN /i? b )] and [A/* max /(A// max /// b )] ratios for that 
solvent 

Generally, the slope of the line for the thickness response vs 
the density is about an order of magnitude larger than the slope 
of the line for the related resistance response measurements. In 
both the thickness and resistance measurements the A/* max 
responses are similar: therefore, the difference in slopes is due 
to differences in relative response between the thickness and 
resistance measurements. In all cases, the relative differential 
resistance response is greater than the relative thickness change 
for a given A/* max change. This finding is consistent with 
percolation theory, which relates the fractional volume change of 
a conductor in a composite to a fractional resistivity change of 
that composite for a given initial conductor volume fraction. We 
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are unable to make direct comparisons with percolation theory 
because we do not have a complete understanding of the 
morphology of ?:he carbon black in the composites; however, these 
data are consi.siem with reasonable values for the variables in the 
percolation theory equation for high-conductivity carbon black. 15 " 17 

An implication of these findings is that low-density analytes i 
will cause a larger resistance response in our detectors for a given 
A/* max value. We have shown in prior work that the amount of \ 
analyte that sorbs into these detector films is a function of the 
fraction of vapor pressure of the. analyte. 18 This P/P° dependence • 
accounts for most of the response by a detector to an analyte, 
but the differences in response by a detector to a set of analytes . 
are due to differences in chemical affinity between the polymer - 
film and the analytes as well as the molecular properties of the .y- 
analytes such as their molecular volume. Therefore, at the same / 
level of sorption (mass uptake), a lower density analyte will be 
easier to detect than a higher density analyte. ' .".f; 

In conclusion, we have shown that the composite detectors ^ 
respond according to the volume change of the composite film 

(15) AH, M. H.; AbuHnslium, A./ Mater. Process. Tcchnol. 1997. 68. 163. 

(16) Ali, M. H.; Ah<>M;:shem, A. J. Mater. Process. Tcchnol. 1997, 68. 168. 

(17) Ali, M. R; Abt»i hishem. A. Plant. Rubber Compos. Process. AM 1995, 2-1, -r^J 

«■ • :-M 
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Fi 9 ur e H. (a) Value of the slope of the line corresponding to 
'. [A/ "max/(A/7 m a X //7b)] for a clear PCL film for various analyte presenta- 
P,- : tions at various analyte fractional vapor pressures vs the analyte 
liquid-phase density for the exposed analyte. (b) Value of the slope 
@;,; ; of the line corresponding to (Ar max /(Afl max /fl b )] for a PCL-carbon 
| : v:;, ; - black composite film for various analyte presentations at various 
f ; analyte fractional vapor pressures vs the analyte liquid-phase density 
Igffl&JP*" fhe exposed analyte. 

|v|g^s evidenced by a linear dependence on the analyte densities of 
C : slopes of the lines for the thickness and resistance responses 
vs film-coated QCM resonant frequency change and by a lineal- 
ly relationship between percent resistance change and percent 
|:V ; ; t thickness change when tliese two are correlated by the film-coated 
:s QCM resonant frequency changes. Additionally, we have devel- 
• PPed a single-element densitometer that can be used to character- 
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Figure 1». (a) Value of the slope of the line corresponding to 
*max/(A/?m H x//?t>)] for a clear PEO film for various analyte presenta- 
tions at various analyte pressures vs the analyte liquid-phase density 
for the exposed analyie. (b) Value of the slope of the line correspond- 
ing to [Af* i7t ^/{/SR max /R 0 )] for a PEO-carbon black composite film 
for various analyte presentations at various analyte pressures vs the 
analyte liquid-phase density of the exposed analyte. 

ize in a convenient manner a molecular property of many different 
types of analytes presented to these types of detectors. 
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